The monolayer tapetum cells of the maturing f lowers of Brassica napus contain abundant subcellular globuli-filled plastids and special lipid particles, both enriched with lipids that are supposed to be discharged and deposited onto the surface of adjacent maturing pollen. We separated the two organelles by f lotation density gradient centrifugation and identified them by electron microscopy. The globuli-filled plastids had a morphology similar to those described in other plant species and tissues. They had an equilibrium density of 1.02 g͞cm 3 and contained neutral esters and unique polypeptides. The lipid particles contained patches of osmiophilic materials situated among densely packed vesicles and did not have an enclosing membrane. They exhibited osmotic properties, presumably exerted by the individual vesicles. They had an equilibrium density of 1.05 g͞cm 3 and possessed triacylglycerols and unique polypeptides. Several of these polypeptides were identified, by their N-terminal sequences or antibody cross-reactivity, as oleosins, proteins known to be associated with seed storage oil bodies. The morphological and biochemical characteristics of the lipid particles indicate that they are novel organelles in eukaryotes that have not been previously isolated and studied. After lysis of the tapetum cells at a late stage of f loral development, only the major plastid neutral ester was recovered, whereas the other abundant lipids and proteins of the two tapetum organelles were present in fragmented forms or absent on the pollen surface.
Eukaryotic cells possess intracellular particles that contain high amounts of neutral lipids, usually triacylglycerols (TAGs). These particles, termed oil͞fat bodies͞globules, etc., are present in plant seeds and pollens (1), algae (2) , yeast (3) , nematode eggs (4), mammalian brown adipose tissue (5) , and mammalian glands (6) . Most of them act as food reserves for an upcoming period of active growth, whereas the fat globules in mammalian glands are exported as milk fat droplets. All of the above-mentioned lipid particles are relatively small, of 0.2 to several micrometers in diameter. Much larger intracellular particles (several hundred micrometers) are present in plant fruit mesocarps, in which the TAGs may be used to attract or reward animals for seed dispersal (7) , and in mammalian white adipose tissues, where the TAGs are for long-term storage and heat insulation (8) . Much less common are intracellular particles containing wax esters instead of TAGs in seeds of the plant jojoba (1) and Euglena (9) . Regardless of their size, function, and lipid constituents, all of the above-mentioned particles have a very simple morphology. They have an amorphous matrix of neutral lipids enclosed by a layer of amphipathic molecules, which may include phospholipids (PLs) and unique proteins. Similar in morphology are the intercellular lipoproteins in the mammalian circulatory system (10) .
Among intracellular lipid particles, those from plant seeds have been studied most intensively (1) . Seeds store TAGs in spherical organelles called oil bodies (lipid bodies) that have diameters of about 0.6-2.0 m. Each oil body contains a TAG matrix surrounded by a layer of phospholipids embedded with unique and abundant proteins termed oleosins. Oleosins have molecular masses between 15 and 26 kDa, depending on the isoforms and plant species in which they occur. Each oleosin molecule has a highly conserved central domain of 72 uninterrupted hydrophobic residues f lanked by amphipathic stretches. The structures enable the oleosins to interact with the TAGs and PLs on the surface of oil body. Oleosins form a steric barrier and maintain the oil bodies as small entities, which would facilitate lipase binding and lipolysis during germination.
Aside from the above-mentioned neutral-lipid containing intracellular particles, some nonphotosynthetic plastids in plants also contain a high proportion of neutral lipids (11, 12) . These plastids are enclosed by double membranes, and the interior has few membranes (thylakoids) but numerous small lipid globuli. The globuli isolated from lysed plastids were reported to contain a great variety of lipids (13, 14) .
During the formation of pollen in the flowers of many plants, the monolayer tapetum cells surrounding the maturing pollen in the anther possess two dominant organelles, which apparently contain abundant lipids (15) (16) (17) . These organelles are the plastids, which are packed with globuli, and the lipid particles, whose characteristics have not been previously elucidated. Both organelles are spherical, of about 3 m in diameter. They are supposed to be released from the ruptured tapetum cells and deposited onto the surface of the maturing pollen (15) (16) (17) . The pollen surface materials, termed pollenkitt or tryphine, could serve one or many functions, which include adhering the pollen together and to the pollinating insect bodies and the carpel surface, preventing the pollen from water loss, aiding hydration and germination of the pollen, protecting the pollen from solar radiation, giving the pollen color, attracting insect pollinators, and exerting selfcompatibility and incompatibility (18) .
Recently, we isolated the plastids and lipid particles as a mixture from the tapetum of Brassica napus and found that they contained two oleosins (19) , whose genes had been cloned by random sequencing earlier (20, 21) . We were unable to separate these two organelles from each other for biochemical characterization. Here, we provide experimental results on the separation and characterization of the two organelles. The lipid particles are unique organelles that, to our knowledge, have not been described previously in eukaryotic cells. During a late stage of floral development, most of the constituents of the two organelles either disappear or are deposited in fragmented form onto the surface of the mature pollen.
MATERIALS AND METHODS
Plant Materials. B. napus L. cv. Westar was grown in a greenhouse (19) . Flower buds containing anthers of maturation stage 3, based on the developmental stages we set earlier (19) , were used. At this stage, the flower buds and anthers were 6 and 3-4 mm long, respectively, and their tapetum cells were unlysed and filled with organelles. Mature pollen was collected from flowers that had opened on the same day.
Isolation of Organelles from the Sporophytic Flower Buds. All procedures were performed in 4°C. The flower buds were minced with a razor blade in a Petri dish containing a grinding medium of 0.05 M Hepes-NaOH, pH 7.5͞0.8 M sucrose (125 buds of 3.1 g͞8 ml). Light microscopy revealed that the chopping broke most of the sporophytic floral tissues, especially the tapetum, but left the gametophytic microspores intact. These microspores were stained positively with the vital dye f luorescein diacetate. The homogenate was filtered through Nitex cloth (20 ϫ 20 m pore size), which removed the microspores.
The filtrate (4 ml) was placed in a 17-ml centrifuge tube. All the solutions described in this paragraph contained 0.05 M Hepes-NaOH (pH 7.5). For the preparation of a mixture of the two organelles in a one-step density gradient, 12 ml of 0.4 M sucrose solution was layered on top of the filtrate. For the separation of the two organelles in a three-step density gradient, 4-ml successive layers of 0.4, 0.2, and 0 M sucrose solutions were placed on top of the filtrate. For the separation of the two organelles in a linear density gradient, a 12-ml gradient of 0.4 to 0 M sucrose solutions was placed on top of the filtrate. The tube was centrifuged at 9,000 rpm in a Beckman SW 28.1 rotor for 2 h. In the one-step density gradient, the floated two-organelle fraction was collected with a pipette. In the three-step density gradient, the two visible organelle fractions at the interfaces between 0.4-0.2 M, and 0.2-0 M sucrose solutions were collected from the bottom of the tube after puncturing a hole with a needle. The whole linear density gradient was collected into 0.8-ml fractions from the bottom of the tube.
Preparation of Fractions from Pollen. Mature pollen was shaken with diethyl ether or cyclohexane for 1 min. The organic solvent was removed as the surface fraction. The leftover pollen could be stained positively with the vital dye fluorescein diacetate (observed by light microscopy). It was ground in chloroform methanol (2:1, vol͞vol) with glass beads (425-600 m diameter) by using a mortar and pestle. The whole homogenate was used as the leftover pollen fraction. SDS͞PAGE and Immunoblotting. Acrylamide (12.5%) SDS͞PAGE was performed as described (22) . The gel was stained with Coomassie blue.
The proteins in various fractions were resolved by SDS͞ PAGE and subjected to immunoblotting as described (22) . Rabbit antibodies were raised against specific proteins eluted from SDS͞PAGE gels (22) , and the IgG were purified from antisera by DEAE Affi-Gel Blue chromatography (Bio-Rad).
Protein Quantitation, N-Terminal Sequencing, and Enzyme Assay. Total proteins were quantified by the Bradford method (23) . The proteins in the isolated organelle fractions were resolved by SDS͞PAGE, blotted onto a nitrocellulose membrane (22) , and N-terminal sequenced (19) . UDP-gal-diacylglycerol galactosyltransferase was assayed (24) by using internal diacylglycerols and 64 M UDP-gal.
Lipid Extraction and TLC. Total lipids were extracted with chloroform methanol (2:1, vol͞vol). Their amounts in the organelle fractions were estimated by the following method.
Standards of oleoyl oleate, triolein, and oleic acids in increasing amounts and the neutral and polar lipids in the two organelle fractions were resolved by TLC. After the plates were charred with sulfuric acid, the amount of lipid in each visible spot resolved from the organelles was determined by visual comparison with the standards. The darkness and area of the spots of the standards were directly proportional to the amounts of lipids applied to the plate.
TLC plates (silica gel 60A; Whatmann) were developed in hexane͞diethyl-ether͞acetic-acid (80:20:2, vol͞vol) for the separation of neutral lipids, and in chloroform͞acetic acid͞ methanol͞water (70:25:5:2, vol͞vol) for the separation of polar lipids. After development, the plates were charred with sulfuric acid.
Electron Microscopy. Whole anthers (maturation stage 3) were fixed in Karnovsky's (25) solution (4% paraformaldehyde͞5% glutaraldehyde͞0.2 M potassium phosphate, pH 7.0) for 8 h at 4°C. The samples were washed twice in 0.1 M K-phosphate (pH 7.0), and postfixed in 1% OsO 4 in 50 mM Na-cacodylate (pH 7.0) for 1.5 h at 20°C.
Isolated plastids (in 0.1 M sucrose͞0.05 M Hepes-NaOH, pH 7.5) and lipid particles (in 0.3 M sucrose͞0.05 M HepesNaOH, pH 7.5) were fixed in a 1͞3 volume of Karnovsky's solution for 2 h at 4°C. The isolated organelles were also fixed in solutions containing a higher concentration of osmotica. The organelle fractions were mixed with 1.2 M sucrose͞0.05 M Hepes-NaOH, pH 7.5, to bring the sucrose concentration to 0.8 M. They were then mixed with an equal volume of Karnovsky's solution for 2 h at 4°C. Karnovsky's solution had an osmotica concentration of 1.2 OsM, and the equal-volume mixture had about 1.0 OsM. After aldehyde fixation, the organelles were postfixed in 1% OsO 4 ͞0.4 M sucrose͞0.05 M Hepes-NaOH, pH 7.5, for 2 h, then in 1% OsO 4 ͞0.05 M K-phosphate, pH 7.0, for 16 h.
The samples were dehydrated, embedded in resin, sectioned, poststained with uranyl acetate and lead citrate, and photographed by using an electron microscope (19) .
RESULTS

Plastids and Lipid Particles of the Tapetum Cells Were
Isolated and Separated from Each Other. Earlier, we isolated a floated pad of a mixture of plastids and lipid particles from the tapetum cells of B. napus by centrifuging the crude extract of the anthers in a 0.8 M sucrose solution in an overlying layer of a 0.4 M sucrose solution (19) . In the current study, we separated the two organelles from each other. To reduce efforts for preparing the anthers, we used whole flower buds. The floated pads obtained from the whole flower buds and the separated anthers had an identical protein pattern on SDS͞ PAGE gel (data not shown). There were no floated materials after the crude extract of the anther-removed flower buds in 0.8 M sucrose solution was centrifuged in an overlying 0.4 M sucrose solution (visual observation).
The crude extract of the flower buds in an 0.8 M sucrose solution was centrifuged in an overlying linear gradient of 0.4-0 M sucrose solutions (Fig. 1) . After centrifugation, two white bands among a smear of cloudy white materials were observed at the region of 0.1-0.3 M sucrose. After fractionation, the gradient fractions were subjected to SDS͞PAGE. The protein pattern along the gradient (Fig. 1 ) revealed two types of organelles, which migrated to different density regions. One type of organelle, having migrated to a region of 1.02 g͞cm 3 density, had several major polypeptides of 36-31 kDa. The other type of organelle, having migrated to a region of 1.05 g͞cm 3 density, possessed major polypeptides of 48-45 kDa and minor ones of 35 and 27-14 kDa. These densities are the equilibrium densities because the two organelles did not migrate further upon longer (4 h instead of 2 h) centrifugation (data not shown).
On the basis of the above findings, we constructed a three-step sucrose density gradient to separate the two types of organelles for detailed study. The crude extract of flower buds in a 0.8 M sucrose solution was centrifuged in overlying steps of 0.4, 0.2, and 0 M sucrose solutions. After centrifugation, the two cloudy fractions at the interfaces between 0-0.2 and 0.2-0.4 M sucrose solutions were collected. An analysis of the two fractions by SDS͞PAGE (Fig. 2) showed unique protein constituents of the two types of organelles predicted from the results of linear gradient centrifugation (Fig. 1) .
The organelles at the interfaces between 0 and 0.2 M and between 0.2 and 0.4 M sucrose were identified as the plastids and the lipid particles, respectively, by electron microscopy (Fig. 3) . The plastid fraction and lipid particle fraction were each about 90% pure, as judged from the degrees of crosscontamination of the two organelles by electron microscopy (Fig. 3) , their unique proteins by SDS͞PAGE (Fig. 2) , and their unique neutral lipids by TLC (to be described). The two organelles were present in about equal numbers in the tapetum cells (Fig. 3 , and other electron micrographs not shown), and this equality was reflected in the roughly equal amounts of their respective unique proteins and neutral lipids in the isolated mixture of the two organelles (Fig. 2, to be described) .
The Lipid Particles Did Not Have an Apparent Enclosing Membrane But Had Internal Vesicles and Exhibited Osmotic Properties. The isolated plastids maintained the same morphology, in terms of size and content of numerous globuli ( Fig.  3 B and C) , as those in situ (Fig. 3A) . Most of the globuli were retained within the plastid-enclosing membranes, which were barely visible. There were few internal membranes (thylakoids). The plastid fraction contained 0.52 nmol͞min per mg protein of UDP-gal-diacylglycerol galactosyltransferase, a marker of the plastid-enclosing membrane (24), whereas the lipid particle fraction contained 0.051 nmol͞min per mg protein (see below).
The isolated lipid particles also maintained a morphology similar to those in situ (Fig. 3) . Depending on the osmotic concentration in the fixation medium for electron microscopy, the organelles appeared in a dilated or dense form. When the isolated organelles in a 0.3 M sucrose solution were fixed in an aldehyde solution containing about 0.4 OsM, they appeared in a dilated form (Fig. 3D) . When the same organelle fraction was first mixed with a 1.2 M sucrose solution to make a suspension in a 0.8 M sucrose solution and then fixed in an equal volume of an aldehyde solution containing 1.2 OsM, a substantial proportion of the organelles were present in a dense form (Fig.  3E) . Within each, and among both, of the two organelle preparations fixed in aldehyde solutions of low and high osmotic concentrations the organelles in the dense form were in general smaller than those in the dilated form. A striking feature is that the lipid particles were packed with vesicles, which could be seen clearly only when the organelles were in the dilated form (Fig. 3 D and F) . When the organelles were in the dense form, the internal vesicles were not clearly visible (Fig. 3 E and G) , and they closely resembled those in situ (Fig.  3A) . Patches of electron-dense materials, presumably neutral lipids, were present. It is unknown whether they were present outside of the vesicles or within specific vesicles or enclosed by a layer of PLs and oleosins as are seed oil bodies. The lipid particles in situ (Fig. 3A, and electron micrographs not shown) or in isolated preparations (Fig. 3 F and G) did not have a clearly defined boundary membrane, and the outer boundary appeared to be made up of that of the outermost vesicles. It is unknown whether the internal vesicles were individually spherical or represented highly coiled network of tubular or lamellar structure. The isolated lipid particles exhibited osmotic properties, as revealed by their existence in dense and dilated forms, depending on the osmotica concentration of the fixation medium for electron microscopy. Because a clearly defined boundary membrane was absent, the osmotic properties of the organelles presumably were exerted by the internal vesicles, each of which contracted or dilated depending on the osmotica concentration of the medium. Seed oil bodies, which have an amorphous TAG matrix surrounded by a layer of PLs and oleosins, do not change their sizes in solution of different osmotica concentrations (unpublished observation).
The Proportions of Neutral Lipids, Polar Lipids, and Proteins in the Two Organelles Were Consistent with the Organelle Densities and Morphology. Both the plastids and lipid particles of the tapetum had substantially lower proportions of neutral lipids and higher proportions of polar lipids and proteins than seed oil bodies and human chylomicrons (Table  1) . These values are consistent with the comparatively higher equilibrium densities of the tapetum organelles. They are also compatible with the morphology of the two organelles, which, especially the lipid particles, have internal membranes.
The two tapetum organelles were isolated by an aqueous procedure of sucrose gradient centrifugation during which the organelles migrated to and dilated in solutions of osmotic concentrations (about 0. OsM (likely higher in the tapetum cells). We do not know if the isolated organelles had lost some water-soluble constituents. Regardless, there was no appreciable loss of proteins and lipids. This interpretation is based on the findings by SDS͞ PAGE (Fig. 2) and TLC (to be described) that the two separated organelles in 0.1 and 0.3 M sucrose together contained the same proteins and lipids as the two-organelle mixture isolated in 0.4 M sucrose (Fig. 2) .
The Plastids Possessed Neutral Esters, Whereas the Lipid Particles Contained TAGs. TLC analyses revealed that the plastids contained two neutral esters, whereas the lipid particles possessed TAGs as their respective unique and major neutral lipids (Fig. 2) . The two plastid neutral esters were so termed because upon alkaline hydrolysis, they released free fatty acids (data not shown). By TLC, the more-hydrophobic neutral ester, which was more abundant, comigrated with palmityl oleate and cholesteryl oleate but migrated slower than tetradecane and hexadecane. A small proportion of the neutral lipids in each of the two organelle fractions was represented by several less-hydrophobic components (Fig. 2) , which comigrated with diolein, oleic acid, nervonyl alcohol, and cholesterol.
By TLC analyses, using different developing solvents, the major PLs in each of the two organelles were found to be phosphatidylcholine and phosphatidylethanolamine (data not shown). The plastids also contained some lysophosphatidylcholine, lysophosphatidylethanolamine, and monogalactoacylglycerol.
The Plastids Contained Unique Proteins of Unknown Identities, Whereas the Lipid Particles Possessed Several Oleosins.
The plastids and lipid particles each had unique proteins, as revealed by SDS͞PAGE (Fig. 2) . The plastids possessed several major polypeptides of 36-31 kDa. Antibodies raised against the most abundant polypeptide of 36 kDa recognized the original 36-kDa antigen but did not recognize any other polypeptide in the plastids or any polypeptide in the lipid particles. The identities of the unique proteins in the plastids are unknown.
The lipid particles contained two major polypeptides of 48 and 45 kDa and less-abundant polypeptides of 35 and 27-14 kDa (Fig. 2) . Earlier (19), we identified, by recognition with antibodies raised against a synthetic peptide and N-terminal amino acid sequence comparison, the 48-and 45-kDa polypeptides to be tapetum oleosins encoded by two cloned genes, which share a very high degree of amino acid sequence similarity (20) . In the current study, we raised antibodies against the whole 45-kDa polypeptide and found that the antibodies reacted with the 45-kDa and 48-kDa polypeptides (Fig. 2) . If the immunoblotting reaction was allowed to react for a longer time, the antibodies also recognized the minor 35-kDa polypeptide (data not shown). This 35-kDa polypeptide had a N-terminal amino acid sequence of LGIPESIKPS-NIIPE, which was an apparent fragment of the 45-kDa oleosin (21) based on sequence similarities. In addition, we identified the polypeptides of 25 kDa (N-terminal sequence being MKEEIQNETAQTLSQREGRMF, encoded by Bnolnb-6), 23 kDa (XILR͞LKKKHER, possibly encoded by I3), and 21 kDa (GILRKKKHERKPSFKSVLT, encoded by Pol3) being oleosins encoded by cloned genes (20, 21 ) via similarities at their N-terminal sequences (Fig. 2) .
The experimental results (Fig. 2) clearly show that the 48-and 45-kDa oleosins, and a related oleosin of 35 kDa, are present in the lipid particles and not in the plastids. The evidence is overwhelming for us to correct our earlier erroneous suggestion that the oleosins were localized in the plastids (19) ; less-reliable immunocytochemical results using antibodies against a synthetic peptide of the 45-kDa oleosin showed more immunogold particles in the plastids than in the lipid particles (19) . We conclude that most if not all of the oleosins in the tapetum are present in the lipid particles.
Of the Major Lipids and Proteins in the Two Tapetum
Organelles, Only the Abundant Plastid Neutral Ester Was Recovered Intact on the Surface of the Mature Pollen. At a late maturation stage of the Brassica anther, the tapetum cells lyse, releasing their organelles, whose constituents are supposed to be deposited onto the maturing pollens (15) (16) (17) . We followed the relocation process by comparing the constituents in the two-organelle fraction of the tapetum and the surface materials (pollenkitt) of the pollen. The pollenkitt was extracted from the mature pollen by ether (19) , and its proteins and lipids were analyzed (Fig. 4) . Using the more nonpolar cyclohexane (21, 26) instead of ether for the pollenkitt extraction generated essentially the same results (data not shown).
The more-hydrophobic neutral ester of the plastids apparently was recovered in the pollenkitt, but the less-hydrophobic neutral ester was absent (Fig. 4) . The lipid-particle TAGs also disappeared. An earlier report also found little TAGs in the pollenkitt (27) . There was insufficient free fatty acid in the pollenkitt (relative to the amount of the more hydrophobic neutral ester) that could possibly account for the loss of the less-hydrophobic neutral ester or TAGs in the two-organelle fraction (Fig. 4) . The neutral lipids of the pollenkitt differed from those of the pollen interior (Fig. 4) . The pollen interior had two major neutral lipids, one of which was TAGs, which presumably represented that in the storage oil bodies. The other lipid had a migration pattern by TLC similar to that of the tapetum neutral ester (Fig. 4) . This pollen-interior lipid gave a pink color whereas the tapetum neutral ester yielded a gray color after the TLC plate had been sprayed with sulfuric acid-ferric chloride (data not shown); so the two lipids were different.
The pollenkitt possessed two distinct molecular mass groups of polypeptides of roughly equal amounts (Fig. 4) . One group consisted of several polypeptides of 37-32 kDa, and the other group was composed of polypeptides of less than 10 kDa. The presence of these two groups of proteins was reported earlier (19, 21, 26) , and their relative amounts varied. This variation was due to the use of different organic solvents to remove the lipids in the pollenkitt before SDS͞PAGE; the solvents could also remove some of the relatively hydrophobic proteins of higher molecular masses. In the current study, we did not do the solvent extraction and used the pollenkitt in its entirety for SDS͞PAGE and confirmed the report (26) that there were roughly equal amounts of the two groups of high and low molecular mass proteins (Fig. 4) . Some of the polypeptides in both groups were shown to be fragments of oleosins on the basis of their N-terminal amino acid sequences being identical to those predicted with cloned cDNAs (21) . Using antibodies against the 45-kDa oleosin of the tapetum lipid particles, we could not detect fragments of the two most abundant 48-and 45-kDa oleosins in the pollenkitt (Fig. 4) . Similarly, we failed to detect the most abundant plastid 36-kDa polypeptide or its fragments in the pollenkitt by using antibodies against this polypeptide (Fig. 4) . In our immunoblotting, the sensitivity allowed us to detect on the same blot one-twentieth the amount of the antigen in the two-organelle fraction. Our failure to detect the 45-and 48-kDa oleosins and the plastid 36-kDa polypeptide, as well as their fragments in the pollenkitt, indicated that these abundant polypeptides of the two tapetum organelles were degraded completely or to smaller fragments (21) with much less antigenicity (per amount of protein) than the original antigens.
DISCUSSION
The tapetum lipid particles are novel organelles whose chemical and structural properties, to our knowledge, have not been described previously in any eukaryote. They differ from the well-studied seed oil bodies, although both organelles contain TAGs and oleosins. Lipid particles identified by their simple in situ morphology are present in the tapetum of diverse species including dicots and monocots (28) , and whether they all have properties similar to those of the Brassica organelles remains to be revealed. If the lipid particles are unique to the tapetum of plants, they could be called ''tapetosomes'' to distinguish them from all the other closely related fat͞oil bodies͞particles in plants and non-plant organisms. The unusual morphology of the tapetum lipid particles raises an interesting question of how the organelles and their constituents are synthesized. During the active stage of lipid-particle formation, massive endoplasmic reticulum attached and penetrated into the organelles (19) , and therefore the biogenesis of the organelles should be closely related to the endoplasmic reticulum. The role of the lipid particles could be speculated. The TAGs or their fatty acids are not conserved on the mature pollen, and thus likely perform a role within the tapetum. They could provide energy for cellular metabolism at the final development stage of the tapetum cell which contains abundant mitochondria (Fig. 3A) . They could be the source of polyunsaturated fatty acids which are precursors of essential hormones for the final stage of anther maturation (29) . Fragments of oleosins on the pollen surface could perform one or more of the proposed functions of the pollenkitt (see Introduction) or represent remnants that serve no further function. If only TAGs play a direct physiological role, oleosins may be present just to maintain the stability of the TAGs, and the same possibility holds if only oleosins play a direct role. Other than the TAGs and oleosins, the internal vesicles of the lipid particles, through their membrane constituents or the luminal contents or both, may become part of the pollenkitt and play a specific role on the pollen.
Globuli fractions obtained from lysed plastids or crude extracts of a few plant species and organs were found to contain different lipid pigments and TAGs (13, 14) . The globuli-filled plastids isolated from Brassica tapetum do not contain pigments (no visible color other than cloudiness) or TAGs. In view of the absence of TAGs in the globuli-filled plastids and their presence in other organelles (lipid particles) within the same tapetum cells, the reported existence of TAGs in the globuli of plastids from other plant organs needs to be re-examined to ensure that the TAGs were not contaminants. The tapetum plastids accumulate and probably synthesize neutral (sterol or wax) esters, a role that has not been documented. Within the tapetum plastids, the globuli, although packed, do not fuse among themselves and remain fairly uniform in size. Their surface must contain amphipathic molecules that prevent fusion. The role of the plastids, which are present in the tapetum of both dicots and monocots, appears to synthesize and temporarily store the neutral ester in the tapetum cells before the neutral ester is discharged onto the surface of mature pollen. 
